A diagnostic beamline has been operated in the PLS storage ring for the diagnostics of electron-and photonbeam properties. It consists of two optical imaging systems: a visible light imaging system and a soft x-ray imaging system. We measure transverse and longitudinal beam structure with a streak camera to study short-time beam dynamics from the visible light image. Accurate transverse beam size is measured with soft x-ray image to minimize diffraction error. In this paper, results of the beam studies and the measurement of beam parameters are summarized and discussed.
INTRODUCTION
The Pohang Light Source (PLS) is a third generation synchrotron light source dedicated to many scientific applications. The storage ring is equipped with various electron-and photon-beam diagnostic instruments such as the beam position monitor, beam current monitor, photon beam monitor, and the beam feedback system to stabilize photon beam. Photon beam diagnostics is an essential technique for the study of the small-scale electron beam structure as well as its temporal dynamics in short-time scale [I, 21 . For this purpose, a diagnostic heamline has been operated in PLS for the measurement of the transverse electron beam shape, beam position and the longitudinal structure of the hunch from the synchrotron radiation source.
Various machine parameters were measured in the diagnostic heamline with imaging systems at two different band of wavelengths: visible light and soft xray. Transverse beam position is monitored with a position-sensitive photodiode detector, and the beamsize is measured with a 2-dimensional CCD camera or with two linear photodiode-arrays.
Time-averaged hunch length is measured with a fast photodiode in conjunction with a fast sampling oscilloscope. A synchroscan streak camera is used for the study of the transient beam structure with 2 ps resolution. On the other hand, more precise beam size is measured with xray optics.
In this paper we describe the status of the PLS diagnostic beamline, and various beam diagnostics and result of beam studies being conducted using synchrotron radiation. 
DIAGNOSTIC BEAMLINE
The diagnostic beamline extracts the source light from the bending magnet located at the center of the triplebend arc sector. From the bending magnet radiation, 8 m a d is used for the visible light imaging system and 2 m a d is used for the x-ray imaging system. Designed beam size at the sector symmetry point is 0,=185 p n , and 0,=59 pm, and the design value of the emittance is 12.1 nm-rad. The source point is 2.9" behind the symmetry point of the bending magnet where the beam size and the divergence is slightly different from the center of the magnet. Since the visible light image has large diffraction error (R,= (ph')"' where p is bending radius and h is wavelength) in the low emittance source due to the very small radiation angle [2] , an x-ray imaging system is used for the precise measurement of the spatial beam structure with the minimum diffraction error. Diffraction error of the imaging system with 440 nm (2.8 eV) visible light is around 100 wm vertically, but is less than IO wm with 284 eV soft x-ray. The visible light imaging system is mainly used for study of the temporal beam structure and transient beam dynamics in the picosecond regime. A layout of the diagnostic beamline is shown in Fig. I and more description on the heamline refers to Ref.
[3].
I Visible Light Optics
The visible light imaging optics consists of a watercooled copper mirror inside the vacuum tank, a remote controlled beam-steering mirror outside the vacuum and two achromatic lenses. An I : 1 image is formed by two achromatic lenses of 3 m focal length, and is delivered onto the optical table mounted with various detectors inside a dark room. Two imaging lenses are located with a mirror-symmetry. The first focusing lens is located at 7.5 m from the source point and the second mirror is located at 7.5 m from the final image point. Total distance from the source to the image is 25 m. Ray tracing of the x-ray imaging optics has been performed with SHADOW program. Starting from the source point located 2.9" behind the center of the bendmagnet, including various conditions of the optical component errors, the ray tracing has shown the distortion or aberration errorof the optics is acceptable to within the specification. Wave-front distortion or the image diffuse error by the carbon foil and the scintillation plate are not considered.
X-ray Optics

Detection Instruments
Transverse beam parameters are measured with the photo-diode detectors: two 25pm x 512 linear photodiode array, a CCD camera with 9.7pm x 9.7pm pixels and a position-sensitive photodiode. We use a fast The x-ray imaging system has shown an unexpected intensity-dependence in the measurement of beam sizes. When we use 10pm carbon filter, beam size decreases to 33pm. Further investigation and refinement of the x-ray optics are planned for more precise measurement.
Bunch Length
Bunch lengths are measured by a fast sampling oscilloscope and a streak camera. Using a sampling oscilloscope, the synchrotron oscillation amplitude adds up to the signal. By subtracting the instrumental risetime effect from the measured value, the true bunch length is 33 ps which is also very long compared to the design value of 17 ps due to the longitudinal beam instability. Using a streak camera, we have measured true single bunch lengths as shown in Fig. 2 and 3 . Figure 3 shows the bunch length vs beam current. The estimated value with SPEAR-scaling is also drawn on the measured data for comparison. It shows reasonable agreement with calculated values but the onset of the instability starts at higher bunch current than expected. For the case of O.lmA, 0.2mA, and 0.5mA, multibunchlength is used for the single bunch lengths at lower bunch current. 
Fast Beam-Ion Instability
The fast heam-ion instability (FBII) has been directly observed from the storage ring by injecting Helium gas to increase the growth time. Snapshots of the bunch train were taken by a streak camera and a single-pass beam position monitor. By measuring the amplitude of the beam oscillation, ion frequency, and the vertical bunch size along the bunch train, we have observed characteristic signals of the FBII: increase of the oscillation amplitude and the bunch size along the bunch train with expected beam-ion oscillation frequency. A beautiful visual evidence of the fast beam-ion instability is shown in Fig. 4 [7] .
SUMMARY
A visible optics is under normal operation in PLS for the transverse and longitudinal beam profile measurements.
Various instruments such as a CCD camera, photodiode arrays, position sensitive photodiodes, a synchroscan streak camera and a fast photodiode detector are equipped at the focal plane of visible optics. We could measure the transverse beam profiles, beam position and the longitudinal bunch structure in micrometer spatialscale and the picosecond temporal-scale. In particular, we study the spatio-temporal beam properties of the electron beam with a streak camera. An x-ray image is used for the precise beam size measurement with a negligible diffraction error. However, the x-ray imaging system has shown an unexpected intensity-dependence in the measurement of beam sizes. Further refinement of the x-ray optics is planned for the precise measurement of the beam size and the beam emittance.
